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Available online 4 May 2016AbstractPurpose: This investigation considered the cognitive outcomes, expressed by the academic achievement scores in basic and
clinical sciences and the National Licensing Examination results of medical undergraduates.
Method: Cognitive outcomes were compared using the academic achievement scores in basic and clinical science and the
National Medical Licensing Examination pass rates, during the two periods pre- and post-PBL.
Results: The scores, were signiﬁcantly higher post-PBL. Scores in clinical science were signiﬁcantly higher in both male and
female students post-PBL. Before PBL, the scores for female students were higher, whereas no difference between males and
females was observed post-PBL.
Discussion: The results suggest that PBL is equal or superior to the traditional methods of developing cognitive ability. A superior
pace of knowledge acquisition by male students after PBL was observed. This supports the hypothesis that PBL is a suitable
education model for Confucian countries in place of predominantly classical teacher-centred education.
& 2016 King Saud bin AbdulAziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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In 1984, The World Federation for Medical Education,
in collaboration with the World Health Organization
initiated it's on-going programme of global reforms in
undergraduate medical education.1 The impact generated a
number of national developments in both the content and
the educational principles,2 the most signiﬁcant being/10.1016/j.hpe.2016.01.003
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on in the Eastern Mediterranean Region.recognition that a medical doctor should be skilled in
autonomous, or self-directed learning, equipped for a life-
time of clinical practice. Arising from the debate as to how
this might be achieved, evidence that problem-based-
learning (PBL) had a signiﬁcant role to play was widely
endorsed.3–6 In 1995, after careful consideration of the
evidence, Gifu University Medical School (GUSM)
adopted a PBL curriculum within an organ-system curri-
culum structure, with the ﬁrst cohort graduating in 2000.
Since 1990, there have been numerous reports on
PBL from Western cultures, reporting mixed conclu-
sions of its merit.7–9 However, the outcomes of PBL in
Asian countries remains controversial,10 and the debatees. Production and Hosting by Elsevier B.V. This is an open access
es/by-nc-nd/4.0/).
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countries, where a traditional teacher-centred Confu-
cian learning style, is prevalent. The inﬂuence of
cultural attributes on PBL in a non-Western setting is
also controversial.11 The conventional Confucian style
of teaching is one of formal didactic, teacher-centred
instruction, prevalent in formal institutions. However,
in Japan, clinical medicine has, historically, been
learned through a case-based, apprenticeship
approach.12 Therefore, the assertion is that PBL can
be applied in a Japanese cultural context, by employing
appropriate clinical and culturally sensitive approaches.
It is generally acknowledged that evaluation of PBL
is a challenge with respect to validity and reliability.9,13
However, this paper reports on the academic results
between 1990 and 2009, and makes a comparison with
the national results. The authors believe that the nature
of the data is sufﬁciently speciﬁc and sensitive to
provide the basis for a robust analysis. The study
focuses on four main themes; gender, content, exam-
ination results and some psycho-social issues.
1.1. Gender
A consistent ﬁnding in the literature is that female
students tend to perform better than male students in
their medical training and are more likely to attain an
honours degree.14 Female gender has been found to be
a positive predictor of clinical reasoning scores in a
PBL medical programme.15
1.2. Content
The literature has mixed reports of basic science
results and PBL. Whilst it was reported that PBL was
more effective than traditional didactic methods in
biochemistry.16 This was not the case for teaching
anatomy.17 This suggests that the effectiveness of
teaching basic medical science may be dependent on
the institution/learning environment. Japan has a long
tradition of basic science-oriented medical education,18
and there is speculation that PBL may lead to the
decrease of knowledge in basic medical science.
Whilst no difference was reported between PBL
graduates and conventional students,19,20 in the litera-
ture about clinical competencies, there is evidence of a
positive effect on social and cognitive domains.9 We
have previously reported that communication skills,
commitment and attitude toward clinical clerkship in
the 5th years (in the university hospital) and 6th
academic years (in the community hospitals) were both
signiﬁcantly better than those of non-PBL students.19,201.3. Examination results
Enarson21 reported no difference in the results of
USMLE between students who received PBL curricula
and those who received traditional lecture-base curri-
cula, while other reports indicated better outcomes in
USMLE.22,23
1.4. Psycho-social issues
Psycho-social inﬂuences include students’ prefer-
ences in choosing a school, the University admission's
criteria, nature of curriculum reform, assessment,
cultural and attributes. The factors that inﬂuence
students’ choice of medical school, and the University
admission procedures remain basically unchanged, and
there was no obvious selection by students, or for
students, for a PBL approach.
1.5. GUSM curriculum overview
In 1947, GUSM adopted a 6-year medical pro-
gramme which was broadly similar to those of other
Japanese medical schools, following the Confucian
style of subject-based, formal teaching, with an empha-
sis on the acquisition and retention of knowledge by
passive learning.
In 1995, a revised curriculum adopted an organ-
based structure with 21 integrated modules, including,
“The Human Body”, “Metabolism and Functions”,
“Pharmacology and toxicology”, The Gastrointestinal
system”, “Cardiovascular system” and “Growth, devel-
opment and genetics”.
Students meet in groups of 8, for an hour, 3 times
per week and discuss a Faculty selected patient-based
problem case, in the presence of a tutor. Additional
learning opportunities are arranged in the form of
related lectures, laboratory work and practical, skills
teaching, self-directed learning hours, and private
discussion-time are scheduled within the course.
1.6. Assessment
The scores of internal and National examinations of
GUSM students were considered. Internal examina-
tions were set at the end of each of four pre-clinical
modules and 6 clinical modules.
All students enter the national Japanese Medical
Licence Exam (JMLE), which follows the style of the
USMLE. It is a rigorous examination, taken over three
days, at the end of Year 6. Five hundred items of
multiple-choice questions (MCQ) are set, covering a
M. Niwa et al. / Health Professions Education 2 (2016) 3–9 5wide spectrum of topics ranging from public health to
clinical medicine. about 50% cover basic clinical and
health-related knowledge and about 50% are questions
based on clinical vignettes.
The JMLE provides an independent benchmark for
measuring the performance of students, noting any
trend on a year-by-year basis, and comparing GUSM
students with students from other schools.2. Method
The study is a retrospective, quantitative analysis of
the performance of students in one medical school,
with respect to the introduction of a PBL curriculum.
The population was considered to be culturally homo-
genous Japanese, though a small number of students
were from other Asian countries, (1990–1999 N¼13,
and 2000–2009 N¼5). A longitudinal-section the
results of GUSM students was completed using data
from records of course work and from the JMLE. Over
the same period, the JMLE results were used to
compare the performance of GUSM students with the
national cohort.
More speciﬁcally, the academic achievement data
and JMLE pass rates students who graduated between
1990 and 2009 (N¼1632 students) were anonymised
and analysed (Table 1). The population was divided
into non-PBL students (N¼826 ) who graduated
between 1990 and 1999, and PBL students (N¼790)
who graduated between 2000 and 2009. Six hold-over
students in 2000 were not included as the PBL students
in the statistical processing because they received a
non-PBL education.Table 1
Characteristics of students.
Year 1990–1999 2000–2009
Curriculum Non-PBL PBL
Entrance 829a 805b
Graduation 826 790
Male 613 (74.2%) 499 (63.6%)
Female 213 (25.8%) 291 (37.1%)
Non-Japanesec 13 (1.6%) 5 (0.6%)
Hold-over 88 (10.7%) 71 (9.0%)
Male 80 (13.1%) 62 (12.4%)
Female 8 (3.8%) 9 (3.1%)
Enrolment 6.1570.07 6.1370.06
Attrition (dismissed) 7 (0.8%) 8 (1.0%)
aAdmitted between 1985 and 1994.
bAdmitted between 1995 and 2004.
cChina, Korea, and Taiwan.Other variables, (for example, selection and admis-
sion criteria, change in the ratio of male-female
students, change in academic content, and the evolution
of the assessment instruments) were recognised as
background variables and it was assumed that they
had no signiﬁcant inﬂuence on the long-term trend of
the data.2.1. Data analysis
The Scores were the basic medical sciences (2nd and
3rd academic year) and clinical sciences (6th academic
year graduation examinations) from the two groups.
The Scores were from written examination associated
with the individual courses (as stated in the ﬁgures) and
were set and marked with regular frequency, and
consistency, over the period in question. Signiﬁcant
differences were determined by t-test, or ANOVA
followed by the Tukey-test. Statistical signiﬁcance by
Chi-squared test was accepted as po0.001. Data were
represented as mean7SD. * and ** indicate statistical
signiﬁcance at po0.05 and po0.01, respectively. NS:
not signiﬁcant3. Results
Table 1 shows the total numbers of graduates during
1990–1999 and during 2000–2009, of which 826 were
female (25.8%) and 790 female (37.1%), respectively.
The increase of female students was statistically sig-
niﬁcant by Chi-squared test at po0.001, though this
increase was not speciﬁc to GUSM but was parallel to
the general trend seen in other Japanese medical
schools. The number of hold-over students who grad-
uated during 1990–1999 and 2000–2009 were 88 and
71, respectively; this difference was not statistically
signiﬁcant.
Similarly, male and female hold-over student num-
bers, mean-enrolment years of students who graduated
during both periods, and student dropout rates were
also not statistically different.
Fig. 1A shows the annual trend of mean scores in
4 basic medical science subjects in the 2nd and 3rd
academic year, during 1990–1999 and 2000–2009. The
mean scores of the 4 subjects appeared to be higher in
2000–2009. Statistical analyses revealed that the cumu-
lative mean score of the 4 subjects in 2000–2009 were
signiﬁcantly higher than those of 1990–1999 (Fig. 1B).
Of these 4 subjects, anatomy and physiology &
biochemistry in 2000–2009 were signiﬁcantly higher
than those of the 1990–1999 generations (Fig. 1C).
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Fig. 1. Comparison of scores in basic medical sciences between non-PBL students (1990–1999) and PBL students (2000–2009). A. The trend of
mean scores of 4 basic medical science subjects in the ten years before and after adopting PBL. The arrow indicates the year in which PBL was
adopted. B, Comparison of cumulative mean score of these 4 subjects before and after adopting PBL. C, Comparison of mean score in each subject
before and after adopting PBL. Data were represented as mean7SD. * and ** indicate statistical signiﬁcance at po0.05 and po0.01,
respectively. NS: not signiﬁcant.
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Fig. 2. Comparison of scores in clinical subjects between non-PBL students (1990–1999) and PBL student (2000–2009). A. Trend of mean scores
of 6 clinical science subjects in the ten years before and after adopting PBL. Arrow indicates the year PBL was adopted. B, Comparison of
cumulative mean score of these 6 clinical subjects before and after adopting PBL. C, Comparison of mean score in each subject before and after
adopting PBL. Data were represented as mean7SD. *** indicate statistical signiﬁcance at po0.001. NS: not signiﬁcant.
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clinical science subjects in the 6th academic year
1990–1999 and 2000–2009. The mean scores of the
6 clinical subjects appeared to be higher in the 2000–
2009. Statistical analyses revealed that the cumulative
mean score of 6 clinical subjects in the 2000–2009
were signiﬁcantly higher than those of the 1990–1999
(Fig. 2B). Of these 6 subjects, 2nd internal medicine
and 1st surgery in 2000–2009 were signiﬁcantly higher
than those of 1990–1999 (Fig. 1C).
Fig. 3A shows the annual trend of pass rate of JMLE
in the study population, and that of national trend. The
mean pass rate, in the university exams of 2000–2009
were signiﬁcantly higher than that of 1990–1999
(p¼0.003) (Fig. 3B). The mean pass rate in the
national24 examination was also higher in the 2000–
2009 group (p¼0.05).
Fig. 4A shows the comparison of male and female
students in the period of study. The mean cumulative
scores of the 4 basic medical science subjects in both
male and female students appeared to be higher in 2000–
2009, though the differences were not signiﬁcant.
However, the mean cumulative scores in female students
were signiﬁcantly higher than those of male students in
both groups: 1990–1999 (po0.01) and 2000–2009
(po0.05). Fig. 4B shows the comparison of cumulative
clinical science scores. The mean cumulative scores of
the 6 clinical subjects were signiﬁcantly higher in both
male and female students in the 2000–2009 (po0.001).
In 1990–1999, the cumulative mean score of femalestudents was higher than that of male students, whereas
no difference between male and female students was
observed in 2000–2009. Fig. 4C shows the mean pass
rate of JMLE in the students of GUSM before and after
PBL adoption. The mean pass rate of JMLE in female
students was relatively higher than male students in both
groups. The mean pass rate in 2000–2009 male students
was signiﬁcantly higher than that in the 1990–1999
groups (po0.05), whereas no difference was observed
in female students.
4. Discussion
This study focused on the impact of the introduction
of PBL in an undergraduate programme, over a twenty
year period, taking into account the inﬂuence of four
main themes; gender, content, examination results and
some psycho-social issues.
4.1. Gender
The study conﬁrmed that female gender is a positive
predictor of clinical reasoning scores in a PBL medical
programme.15 The cumulative scores of female stu-
dents were better in basic medical sciences both in
1990–1999 and 2000–2009 generations. In clinical
sciences, the cumulative score of male students in
1990–1999 generations were signiﬁcantly lower than
that of female students, however, the scores of male
students improved signiﬁcantly in 2000–2009, but no
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Fig. 4. Comparison of male and female students. A. Comparison of cumulative mean scores in 4 basic medical sciences. Scores in female students
were signiﬁcantly higher than those of male students in both non-PBL generation (po0.01) and PBL generation (po0.05). B, Comparison of
cumulative mean scores in 6 clinical subjects. Mean scores were signiﬁcantly higher in both male and female students in PBL generation
(po0.001). In non-PBL generation (1990–1999), score of female students was higher than that of male students, whereas catch-up of male
students was observed in PBL generation (2000–2009). C, Comparison of the mean pass rate of JMLE in the students of GUSM before and after
adopting PBL. Mean pass rate of JMLE in female students were relatively higher than male student in PBL and non-PBL groups. The mean pass
rate in PBL group in male students was signiﬁcantly higher than that in non-PBL group (po0.05), whereas no difference was observed in female
students. *, ** and *** indicate statistical signiﬁcance at po0.05, po0.01 and po0.001, respectively. NS: not signiﬁcant.
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students during this later period. Furthermore, in male
students, the mean pass rate of JMLE of the 2000–2009
generations was signiﬁcantly higher than that of 1990–
1999 generations. This suggests that a PBL approach
improves knowledge acquisition in both genders.
4.2. Content
Our results show that mean score of the 4 basic
medical sciences in 2000–2009 generations were super-
ior to those of 1990–1999 generations, and the long-
term data suggest that PBL has equally or better learning
outcomes in basic medical science education (Fig. 1).
4.3. Examination results
With respect to assessment, the results suggest super-
iority of academic scores of clinical science in PBL
generations. Better attitudes of PBL generations during
the clerkship in the 5th and 6th academic years might
have inﬂuenced the better academic scores in the ﬁnal
year examination, and have led to the better pass rate of
the JMLE. Clinically oriented case-based discussions in
the PBL may have improved the problem-solving abilitythrough integrating bio-medical sciences into a clinical
context and requiring critical thinking. Our results of
better pass rates in the JMLE in 2000–2009 suggest that
PBL may also improve clinical knowledge acquisition in
a different cultural context. There were no additional
discernable factors that would account for such a
signiﬁcant shift in overall performance.
4.4. Psycho-social issues
There is no evidence to suggest any adverse effect of
PBL on students from a Japanese culture. The addi-
tional advantage of greater student satisfaction in
clinical years, as has been previously reported.19,20
Furthermore, there is now a suggestion of an associa-
tion between better student satisfaction and better
clinical performance in a PBL programme.
5. Conclusions
The study suggests some superiority of PBL in the
acquisition of medical knowledge. The study is valuable
because there are no previous studies that have observed
changes in cognitive ability over a 20-year period, with
comparison before and after implementing PBL.
M. Niwa et al. / Health Professions Education 2 (2016) 3–9 9Furthermore, although it has been suggested that PBL is
not suitable for medical schools in Asian or Confucian
countries, our long-term data refutes this assumption,
though the authors acknowledge that the study is limited
to the experience of one medical school, and therefore we
call for similar studies in other schools.
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